A novel lectin-like protein with MW 63.2 kDa, designated as SBLP, has been isolated and characterized from the dried roots of Scutellaria baicalensis Georgi (Lamiaceae). SBLP was purified by ammonium sulfate precipitation and anion exchange chromatography. It is a glycoprotein according to a PAS staining assay and consisting of protein (86.0%) and sugar (14.0%). Its N-terminal amino acid sequence was determined as GSAVGFLY by Edman degradation. SBLP showed hemagglutinating activity against human and rooster erythrocytes, which were stable below 60°C and in the pH range of 4 -10. Furthermore, SBLP was found to be stimulated by Ca 2+ , Na + , Ba 2+ , Zn 2+ ions, which suggested it was a metal-dependent lectin. SBLP inhibited the growth of Fusarium oxysporum f.sp. lycopersici and Alternaria eichhorniae in the a dose-dependent manner, and suppressed the proliferation of HepG2 tumor cells with an IC 50 of 1.00 µM. This is the first report of a lectin from Radix Scutellariae.
Protein was precipitated from S. baicalensis root extract with 60% ammonium sulfate. After removing ammonium sulfate, the crude protein solution was loaded onto a DEAE weak anion-exchange column. The elution peak fraction (marked as P1) exhibited obvious hemagglutinating activity, which is determined as 400 U from about 29 mg crude proteins within P1 (Figure 1-A) . The fraction P1 was collected, dialyzed and subsequently injected into an anionexchange Super-Q column, resulting in the separation of a pure protein in fraction SQ2 (Figure 1-B) . The result of SDS-PAGE indicated the pure protein contained in SQ2 has a calculated molecular mass of 62.23kDa. Subsequent assay disclosed SQ2 has stronger hemagglutinating activity than P1. Therefore, the purified protein within SQ2 was named as SBLP lectin-like protein.
As shown in Table 1 , a total of 6.6 mg SBLP was isolated by twostep chromatography. The purified SBLP exhibited specific activity of 145.4U/mg, whereas fraction P1 collected from a Super-Q column only exhibited specific activity of 13.8 U/mg, showing a and ammonium sulfate precipitation. Furthermore, the total hemagglutinating activity in SQ2 was significantly higher than that of P1, which resulted in an unacceptable recovery of lectin of above 239%. The undetectable hemagglutinating activity within the crude sample from Scutellaria baicalensis Georgi roots may be due to the presence of other HA inhibitors in the sample, e.g. galactose.
Table1: Total protein and hemagglutinating activities of SBLP at different purification stages from 125 g of dried Scutellaria baicalensis Georgi roots. The N-terminal amino acid sequence of SBLP was determined by Edman degradation as GSAVGFLY. Table 2 shows the N-terminal amino acid sequences of SBLP and other five lectins accessions. The N-terminal sequence was compared to those of C-type lectins from fish (starfish, rainbowfish, platyfish and Amazon molly). The comparison showed high identity when alignment was based on 8 amino acids. SBLP also showed significant homology to galactose binding lectins of peanuts. However, based on the BLAST search and molecular weight of SBLP, complete homology with a known lectin was not detected, which indicates SBLP is a novel protein with lectin activity.
To better understand the characterization of SBLP, the amino acid composition of SBLP was analyzed and presented in Table 3 , showing that SBLP is rich in Gly, Glu, Asp and Ser residues, but poor in Met, Cys and Trp residues. As shown in Table 4 , SBLP exhibited selectivity toward erythrocytes from various species, e.g. it agglutinated human and rooster erythrocytes, but failed to agglutinate rabbit and mice erythrocytes. The selectivity, however, didn't show in types A, B, AB and O in human blood. Although the carbohydrate binding specificity of SBLP was not analyzed, it can be predicted that SBLP can bind to both galactose (human blood type A) and N-acetyl-Dgalactosamine (human blood type B) due to its haemolytic activity to all four human blood types. The heat stability of SBLP was tested between 20-90°C. Its hemagglutinating activity was stable up to 60 °C but was reduced to 50% at 70 °C. Complete loss of activity occurred above 75°C (Figure 3 -A), indicating that SBLP had intermediate thermostability compared to other lectins [12, 13] . For pH stability ranges of 2-11 were tested. Agglutination occurred in the range of 4-10 but was abolished when pH<3 or pH>11.0 (Figure 3-B) . 2-ions resulted in recovering the hemagglutinating activity of SBLP by 75%, 50%, 50%, 25%, 25%, respectively (showed in Figure 4 ).
The antimicrobial activity of SBLP was evaluated against a Grampostive strain, Staphylococcus aureus, a Gram-negative strain Escherichia coli, and five phytopathogenic fungi as described above. SBLP showed no antibacterial activity against either S.aureus or E.coli, but exhibited antifungal activity (shown in Figure 5 ). It inhibited the growth of Fusarium oxysporum f.sp. lycopersici and Alternaria eichhorniae in a dose-dependent manner. The observation that the SBLP showed antifungal activity toward different fungal species has potentially important implications in agriculture. Figure 6 ). Plant lectins are mostly isolated from seeds like beans, but they are also found in different plant tissues such as roots, leaves, bark, flowers and bulbs. In this work, a novel lectin-like protein named SBLP was purified from the dried roots of traditional Chinese medicine, S. baicalensis. A few lectins isolated from traditional Chinese medicines have been also reported in recent years [14] [15] [16] [17] , including lectins from rhizomes of Alisma orientale (Sam.) Juzep, Astragalus membranaceus, Astragalus mongholicus and Arisaema erubescens (Wall.) Schott. The molecular mass of purified SBLP was estimated as 62.23 kDa by SDS-PAGE. These results also indicated SBLP consists of only one polypeptide chain without intra-chain disulfide bonds. SBLP was detected as a glycoprotein by periodic acid-Schiff staining. This is further confirmed using the method of Roe [18] , which indicated a carbohydrate content of 14.0% in SBLP. The carbohydrate content of SBLP is much higher than that of lectins from Brazilian lima bean (2% and 4%) [19, 20] , rhizome of Alisma orientale (Sam.) Juzep (6.3%) [14] , Astragalus membranaceus (10.7%) [16] , and Erythrina indica (9.5%) [21] . It remains unknown if the significant difference in carbohydrate contents among lectins is involved with lectin's molecular evolution. The difference of carbohydrate contents, however, may reflect species specificity of lectins. The Mallard reaction may be another reason for SBLP's significant high carbohydrate content among plant lectins. However, the protein glycation commonly occurs in herbs during the sun-dried processing by Mallard reaction. The glycation may endow the glycated protein with new properties [22] . The ion dependent hemagglutinating activity of SBLP established SBLP as a metal-dependent lectin, which includes C-type and legume lectins [4] . Based on the N-terminal sequence of GSAVGFLY and the molecular mass of SBLP, a BLAST search resulted in no identical proteins but SBLP shows structural similarity to C-type lectins but not those of legume lectins. However, C-type lectins are isolated from animal sources, but have not yet been found from plants. To further identify SBLP as a novel legume lectin or C-type lectin, more data e.g. full-length amino acid sequence, must be determined. The results of hemagglutinating activity assay showed the selectivity of SBLP's hemagglutinating activity towards to erythrocytes of different species rather than different human blood types, which imply that SBLP is capable of binding more than one specific carbohydrate. Compared to other lectins, SBLP exhibited weaker thermostability and pH stability, which may be an advantage considering that Radix Scutellariae is usually used after meals and lectins are regarded as antinutrients.
Radix Scutellariae is widely used in clinics for microbial infections. Its major active compounds against bacteria and fungi have been reported as flavonoids including baicalin, baicalein, wogonin and wogonoside [23, 24] . The samples tested in this study, from ammonium sulfate precipitate to purified SBLP lectin, exhibited antimicrobial activity against fungi but not bacteria. The purified SBLP lectin showed growth inhibition towards Fusarium oxysporum and Alternaria eichhorniae but not to the others tested fungi, which suggests SBLP plays an important role in constitutive host defense mechanisms of Scutellaria baicalensis against fungal pathogens.
As a lectin, SBLP had antiproliferative effect on HepG2 tumor cell in this study, perhaps because it can bind to specific sugar molecules located in the cell surface. The antitumor effects of Radix Scutellariae and its active components, e.g. baicalein and wogonin, have been confirmed by a few studies [25, 26] . In cell model, either Radix Scutellariae extract or pure active components inhibited tumor cell lines in a dose-dependent manner [25] . Meanwhile, it is well documented that lectins have an antitumor effect [27] . In present study, SBLP, from Radix Scutellariae, exhibited antiproliferative effects on HepG2 tumor cell with an IC 50 of 1.00 µM.
Experimental
Plant material and extract preparation: The dried Scutellaria baicalensis Georgi roots (Radix Scutellariae) were purchased from Longxi county of Gansu Province, China. Exactly 125 g of Radix Scutellariae were powdered and soaked under agitation overnight at 4°C with 200 mM phosphate buffer, pH 8.0. The homogenate was centrifuged (10000 rpm for 20 min at 4°C) to remove precipitates. The protein was precipitated by two-step precipitation as following: after precipitation with 20% ammonium sulfate saturation, the precipitate was removed by centrifugation at 10,000 rpm; the ammonium sulfate saturation in supernatant was then adjusted to 60%. The pellet obtained after centrifugation (10,000 rpm, 20 min) was suspended in 10 mM phosphate buffer (pH 7.0), and the ammonium sulfate removed by overnight dialysis with the same buffer.
Purification of the lectin:
The sample was loaded into a DEAE (Toyopearl, TOSOH BIOSCIENCE, 1.0 cm × 20 cm) column equilibrated with 10 mM phosphate buffer (pH 7.0), at flow rate 1.0 mL/min. After elution of unbound material, the column was then eluted with 1.0 M NaCl in 10 mM phosphate buffer (pH 7.0). The eluate was monitored at 280 nm and peaks collected to determine hemagglutinating activity. The active fraction (P1) from DEAE column was dialyzed and then applied to a column of Super-Q (Toyopearl, TOSOH BIOSCIENCE, 1.0×20 cm) equilibrated with 10 mM Tris-HCl buffer (pH 8.8). After removing unabsorbed material with the starting buffer, the bound material was eluted with a linear concentration gradient (0-1.0 M) of NaCl and a stepwise gradient of 1 M NaCl. Fractions were collected every 10 min and monitored at 280 nm. The collected fractions were tested to determine hemagglutinating activity.
Protein concentration and sugar concentration determination:
Protein concentration of samples were determined by the method of Lowry [28] using the bovine serum albumin as a standard. The anthrone-sulfuric acid method was applied to determine the total carbohydrate. Glucose was used as the standard [18] .
Determination of molecular weight and PAS (Periodic Acid Schiff) Staining: In order to determine the homogeneity of the protein, Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed, using 4.0% polyacrylamide as concentrating gel and 12.5% polyacrylamide as separating gel. The molecular weight was determined according to the method of Laemmli and Favre [29] . The periodic acid-Schiff (PAS) staining assay was applied for detection of glycoproteins, as described by Segrest and Jackson [30] .
Determination of N-terminal amino acid sequence and amino acid composition: N-terminal sequence was determined by Edman degradation using a Protein Sequencer 476 (Applied Biosystems, Perkin-Elmer Co., USA). The purified lectin protein was hydrolyzed under vacuum in 6 M HCl for 24 h at 110 °C [31] . Amino acids were derivatived and quantified by amino acid analyzer (Model L-8800, HITACHI, Japan).
Assay of hemagglutinating activity:
The hemagglutinating activity tests were performed according to the method of Liu et al. [32] , with 96-well microtiter plates (Molecular Devices, Sunnyvale, CA, USA). A hemagglutinating unit (U) is defined as the lowest concentration of lectin that exhibiting hemagglutinating activity.
Effect of temperature and pH on hemagglutination:
To study the effects of temperature on hemagglutinating activity, the assay of hemagglutination activity was applied, as previously described. Purified lectin samples was incubated at various temperatures (20 -90°C) for 30 min, and rapidly cooled in an ice-bath, then assayed the residual hemagglutinating activity. The control values were the hemagglutinating activity of the sample incubated at 20°C for 30 min.
The effects of pH on hemagglutinating activity of the lectin were examined by incubating the sample at different pH from 2 to 11. After incubation for 30 min, the residual activity of hemagglutination was measured. Hemagglutinating activity of the lectin sample kept at pH 7.2 for 30 min was applied as a control.
